This article provides an overview of the current knowledge on medical complications, health characteristics, and psychosocial issues in adults with achondroplasia. We have used a scoping review methodology particularly recommended for mapping and summarizing existing research evidence, and to identify knowledge gaps. The review process was conducted in accordance with the PRISMA-ScR guidelines (Preferred Reporting Items for Systematic reviews and Meta-Analyses Extension for Scoping Reviews). The selection of studies was based on criteria predefined in a review protocol. Twenty-nine publications were included; 2 reviews, and 27 primary studies. Key information such as reference details, study characteristics, topics of interest, main findings and the study author's conclusion are presented in text and tables. Over the past decades, there has only been a slight increase in publications on adults with achondroplasia. The reported morbidity rates and prevalence of medical complications are often based on a few studies where the methodology and representativeness can be questioned. Studies on sleep-related disorders and pregnancy-related complications were lacking. Multicenter natural history studies have recently been initiated. Future studies should report in accordance to methodological reference standards, to strengthen the reliability and generalizability of the findings, and to increase the relevance for implementing in clinical practice. K E Y W O R D S achondroplasia, adults, health-related quality of life, health status, medical complications, review
| INTRODUCTION
Achondroplasia is the most common skeletal dysplasia resulting in disproportional short stature, and is in about 99% of the cases caused by a mutation (Gly380Arg) in the gene coding for the fibroblast growth factor receptor 3 (FGFR3). 1 A high prevalence of medical complications has been reported in children with achondroplasia, including increased mortality, foramen magnum stenosis, hydrocephalus, sleep apnoea, recurrent ear infections, impaired hearing, and leg and spine deformities. [2] [3] [4] Several authors have reviewed the existing literature regarding children (0-16 years) with achondroplasia, and have proposed recommendations for follow-up and surveillance. [2] [3] [4] [5] [6] This includes a comprehensive review recently (2019) published by Pauli. 7 We have not identified previous systematic reviews specifically focusing on medical complications, health characteristics, and psychosocial issues in adults with achondroplasia. Systematic reviews are the reference standard for synthesizing evidence in health care, and can also be used to support the development of clinical practice guidelines and decision-making. 8 A scoping review is one type of systematic literature review based on the framework proposed by Arksey and O'Malley, and further refined by the Joanna Briggs Institute. 8, 9 The scoping review methodology is particularly recommended for mapping existing literature, including different study designs, to summarize existing research evidence, clarify key concepts, and identify knowledge gaps. 8, 10 The PRISMA-ScR guidelines (Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews) have recently been published with the aim to improve the quality of scoping reviews. 11 The objective of the present study was to systematically review the present research knowledge on medical complications, health characteristics, and psychosocial issues in adults with achondroplasia using a scoping review methodology.
| METHODS

| Study design
The study was conducted in accordance with the PRISMA-ScR guidelines and the methods outlined by the Joanna Briggs Institute Methods Manual for scoping reviews, and includes the following stages: (a) identifying the research questions, (b) identifying relevant studies, (c) study selection, (d) extracting and charting the data (e) collating, summarizing and reporting the results in relation to the research questions(s), and (f) (optional) consultations with experts in the field. 8, 10, 11 A study protocol was developed (Appendix S1), in accordance with the PRISMA-ScR guidelines. 8, 11 2.2 | Search strategy A systematic literature search was conducted on the 16th February 2017 in MEDLINE, PubMed, Embase, Cinahl, Psychinfo, SweMed+, and the Cochrane Library. We used the following MeSH words and Boolean operators: achondroplasia mp. tw. OR dwarf* mp. tw. OR dwarfism*.mp. tw. AND adult*.mp. OR adult/ OR young adult/ OR adult care.mp. OR adult*.tw.; LIMIT to (humans). We applied no time limit. Two experienced librarians were consulted and approved the search strategy. References in included papers and relevant excluded papers were examined for additional studies, and a non-systematic search in Google Scholar was conducted as well. We also consulted leading experts in the field of skeletal dysplasia for additional literature. Supplementary literature searches for recently published papers were conducted up to 10th January 2019.
| Inclusion and exclusion criteria
The population of interest was adults, aged 16 years or older, with achondroplasia. In relevant studies of mixed populations, we accepted results on a population of at least 80% of adults with achondroplasia for inclusion, or results presented separately on adults with achondroplasia. Contents of interests were medical complications and health characteristics, including psychosocial issues. Topics of interest were: mortality, neurologic symptoms and spinal stenosis, orthopedic complications, respiratory disorders, sleep apnea, body composition, hearing and vision, obstetric and gynecologic issues, pain, physical functioning, and psychosocial issues. We excluded studies regarding diagnostics, genetics, anatomy, pathophysiology and treatment. Both qualitative and quantitative studies were included, and reviews using a systematic literature search strategy. We excluded case-studies and/or studies with less than six participants, guidelines, book chapters, letters to the editor and conference abstracts. We restricted the inclusion to publications in English and the Scandinavian languages.
| Study selection, data extraction and synthesizing
Two reviewers (S.O.F. and I.B.L.) independently screened the identified titles and abstracts for potentially eligible articles. Full-text articles were selected and assessed for eligibility by two independent reviewers (S.O.F. and H.J./H.S./G.M.). We applied an inclusion-form (available as Supporting Information), and the judgments were compared to determine the final study selection. A third reviewer (IBL) verified the inclusion or exclusion. One reviewer (SOF) conducted the data extraction and another reviewer (IBL) verified the results to ensure comprehensiveness and accuracy of the synthesis. We used an a priori data extraction form to collect information (available as Supporting Information). Any disagreements in the process of study selection and data extraction were resolved by discussion with the other reviewers.
According to the scoping review methodology, an assessment of the quality (risk of bias) of the included studies was not performed. 8 We did not exclude any studies because of the methodological quality.
The included articles are presented in text and tables. We organized our review results in the following way: first, included reviews are presented. Next, primary studies are presented with results according to the following headings: mortality, neurology and spinal stenosis, orthopedics and bone density, obesity and body composition, respiratory disorders and sleep apnea, obstetric and gynecologic issues, hearing, voice and vision, pain, physical functioning and healthrelated quality of life (HRQOL), and education and work participation.
Because some of the primary studies have broad aims and cover several issues, they are reported within more headings. records after duplicates had been removed, including an additional 28 articles identified from reference lists of reviews and included studies, and from a non-systematically Google Scholar search. We assessed 213 full-text articles of which 29 met the eligibility criteria; 2 reviews and 27 primary studies.
| RESULTS
| Search results, inclusion and exclusion
Key information and findings of the reviews, including the study author's conclusions, are presented in Table 1 . Characteristics of the primary studies are presented in Table 2 , including the year of publication, first author, topics, study design, whether standardized instruments were used, the reporting of inclusion and exclusion criteria and limitations, adult study population, and country of origin.
Eight studies reported on more than 100 participants, while nine small studies included between 6 and 20 persons. The distribution of year of publication was: one in the 70s, six in each of the decades 80s and 90s, five during the period from 2000 to 2009, and nine studies from 2010 to 2018. Reference details, methods and materials, main findings, and the primary study author's conclusion are summarized and presented for each study in Table 3 .
Of the publications read in full-text, 184 articles did not meet the eligibility criteria for inclusion in this scoping review. Excluded articles and reasons for exclusion are presented as Table S1 . The most frequent reasons for exclusion were: (a) the study design was not a primary study or a systematic review, (b) the study's principle aim was not within the scope of the present review, (c) the study population was predominantly children, not adults with achondroplasia, (d) the study population was mixed, and data were not reported separately on adults with achondroplasia, (e) case reports with less than six participants, and (f) the paper did not provide sufficient data relevant for the aim of our scoping review. Table 4 .
Some
| Reviews
Engberts et al was the only review paper applying a systematic review approach. 12 The authors reviewed the literature on thoracolumbar kyphosis in achondroplasia published in the period from 1975 to July 2010. They identified seven studies, of which one study 38 ies, of which seven have also been identified and included in our scoping review. [28] [29] [30] 33, 36, 37, 39 The other 15 studies did not meet the eligibility criteria for our review. Thompson et al reported substantial gaps in knowledge regarding adults, and that the research evidence was based on biased samples and limited numbers. They found little information on social aspects of living with a skeletal dysplasia, on general rates of morbidity, rates of surgical and orthopedic treatment and obesity. 13 Table 2 shows the characteristics of the 27 primary studies included.
| Primary studies
The studies were published in the period from 1970 to 2017, and included 2657 adult individuals with achondroplasia. The majority were observational studies; six with a retrospective design, 18 were cross-sectional, and one study was a case series. Two studies applied a mixed method approach, including a qualitative part, 21, 39 but only the qualitative results from Cortinovis et al 21 were reported separately on adults with achondroplasia.
The diagnosis of achondroplasia was in most studies based on clinical and/or radiological findings, and some studies relied on selfreports. None of the included studies required a genetically verified diagnosis of achondroplasia. Five studies had clearly defined inclusion and exclusion criteria, all published in 2006 or later ( Table 2) . Nine studies provided either inclusion or exclusion criteria, but not both.
The other 13 primary studies did not report on inclusion or exclusion criteria. Twelve of the 27 primary studies discussed study limitations.
Regarding country of origin, 20 of the 27 original studies mainly recruited from US populations, in particular, the patient association Little People of America (LPA) and Johns Hopkins Hospital. The studies conducted outside the United States were all rather small, comprising between 10 and 33 participants ( Table 2 ). All studies with more than 100 participants were based on US populations. However, their response rates were low; between 20% and 30%. Half of the included primary studies were conducted more than 20 years ago. Six papers reported on the use of standardized instruments regarding HRQOL ( Table 2) . No ACL or PCL injuries were found on chart review. One patient reported ACL injury on telephone interview. Self-reported level of physical activity: Low: 29%, moderate: 51%, high:17%
Author's conclusion: ACL and PCL injuries seem to be rare in patients with ACH, and cannot be completely ascribed to a low level of physical activity. Anatomical differences (increased anterior tibial slope) may be a possible explanation that protect the ACL Author's conclusion: Menstrual cycle, menarche and menopause in ACH women did not differ much from US mean. There was a high degree of deliveries by Cesaeran section in pregnancies of short stature women (all). Prevalence of spontaneous abortion was not increased Kahanovitz et al. 38 The clinical spectrum of lumbar spine disease in achondroplasia 
| Neurological symptoms and spinal stenosis
Six studies investigated spinal stenosis and back pain in adults with achondroplasia. 22, 23, 27, 29, 30, 38 Hunter et al found that 70% reported back pain at the age of 50 years or older. 29 The cumulative prevalence of spinal stenosis increased with age, but these observations were based on a small number of adult participants (n = 11) over 40 years of age. 29 
| Orthopedic complications and bone density
Six studies reported on orthopedic complications in adults. 14, 16, 29, 30, 38, 41 Three of them concerned thoracolumbar kyphosis and scoliosis 16, 38 and spine deformity, 30 of which one 38 was described in the systematic review by Engberts et al. 12 Two studies reported on leg deformities and osteotomy, 29, 30 another two on prevalence of arthritis, 30, 41 and one study reported on ligament injuries in the knee. 14 
Kahanovitz et al found that kyphosis at the thoracolumbar junction
was present in half of the 47 included patients. 38 The thoracolumbar kyphosis correlated with the severity of neurologic symptoms, but not all patients with a kyphosis became symptomatic. 38 Khan et al showed a much higher prevalence of scoliosis and thoracolumbar kyphosis in 98 adults with achondroplasia than reported in the general US population. 16 Mild scoliosis, defined as Cobbs angel >10 , was found in 55 of Prevalence might be about 20%-30%, 44a ,and increases with age 29, 38 Symptom-start often before 30 years of age 38 Rapid progression 22, 38 Primarily a central stenosis 23 Both clinical and radiological assessment recommended for diagnosis 27 Proportion needing spinal stenosis surgery up to 30% 30, 44 Orthopedic complications and bone density • Thoracolumbar kyphosis prevalence ≈50% 16, 38 • Mild scoliosis prevalence ≈50%. Moderate to severe scoliosis prevalence ≈10% 16 • Osteoarthritis: not found in one study, 41 ≈33% in another study 30 • Low prevalence of cruciate ligament injuries 14 • Osteopenia reported 17,19 b Obesity and body composition • High BMI 18, 22, 24, 25, 32 • Abdominal obesity 32 • Normal triglycerides 32 • Low prevalence of diabetes 32 Respiratory disorders and sleep apnea • Lung volume and vital capacity reduced, but not physiologically relevant 34, 35 • Sleep apnea: no studies found on adults Hearing, voice and vision • Impaired hearing reported in 33%-55% of adults 20, 30 • Voice-abnormalities may be common, 31b • Strabismus may be common, 40b
Obstetric and gynecologic issues • Menstrual cycle, menarche and menopause as in the general population 37 • Cesarean delivery is recommended for pregnant achondroplasia females 45a
Psychosocial issues
Pain, physical functioning and HRQOL • Chronic pain reported in 64%-75% 15, 18 • Physical health scores 15, 24, 25, 28 : Lower in adults with achondroplasia than in the general population Declines with increasing age Impair independent ambulation and daily functioning 18 • Mental health scores:
Lower in three studies 15, 24, 25, 28 No difference from the general population in one study 30 Education and work participation • Education level: comparable 24, 25, 39 or lower 28 than in the general population • Work participation and establishing family reported as challenging 21,28,39 a Paper not included in the scoping review. b Small study sample. 98 adults, and moderate to severe scoliosis (Cobbs angel >25 ) was found in 12/98 adults. Mild thoracolumbar kyphosis, defined as the curvature >10 to 25 at the thoracolumbar junction (T11-L2), was seen in 26/98 adults, while severe thoracolumbar kyphosis (curvature >25 ) was seen in 45/98 adult individuals. 16 Bailey also found high prevalence of scoliosis and thoracolumbar kyphosis, but arthritis in hips, knees and ankles was not observed. 41 Conversely, in Mahomed et al (1998) 
| Obesity and body composition
Several of the included studies reported on high body mass index (BMI) and obesity in adult achondroplasia populations. 18, 22, 24, 32 Owen et al found that half of the participants had increased abdominal-hip ratio, indicating abdominal obesity. BMI, skinfold thickness and other anthropometric measurements were found to be of very limited value in predicting body fat of dwarfs. 32 None of the 27 adults in the study sample had elevated triglycerides or diabetes mellitus. Resting metabolic rates were increased per unit body weight compared to average statured individuals. 32 
| Respiratory disorders and sleep apnea
In two studies, Stokes et al reported on chest diameter, pulmonary function and reference values for spirometry in adults with achondroplasia. 34, 35 The lung volume and vital capacity (FVC) were reduced. As the oxygen demands were also reduced, the authors concluded that the reduction in FVC was not physiologically relevant. 34 The authors recommended applying sitting height in achondroplasia when comparing spirometry results with average-statured individuals. 35 We did not identify any papers investigating sleep apnea in adults with achondroplasia.
| Hearing, voice and vision
In the survey by Mahomed et al 146 of 437 respondents (33%) reported impaired hearing. 30 A clinical study by Tunkel et al found that 16 of 29 participants (55%) failed hearing screening in one or both ears, but few reported the use of hearing aids. 20 Heuer et al reported voice abnormalities in 5 of 6 adults with achondroplasia. 31 Regarding vision, only one study was identified. 40 The findings by Griffin et al indicated that strabismus could be more prevalent in achondroplasia (6 of 27 adults) than in the general US population, but the study sample was small. 40 
| Obstetric and gynecologic issues
One study investigated obstetric and gynecologic issues in women with chondrodystrophies, including 87 participants with achondroplasia. 37 Menstrual cycle, menarche and menopause in achondroplasia women did not differ much from the US mean. The authors reported a high degree of deliveries by Cesarean section in pregnancies of all short stature women, but results were not reported explicitly on achondroplasia. 37 3.4.8 | Pain, physical functioning and HRQOL Dhiman et al found that 79 of 106 (75%) adults with achondroplasia reported pain, compared with 19% in the average-statured US population. 15 Alade et al found that 64% of the 153 respondents reported pain vs 25% to 35% in the general US population. 18 Pain prevalence increased with age, and reached a plateau in the 50s, and markedly impaired independent ambulation and daily functioning. However, more than 80% reported to be independent in activities of daily living. 18 Dhiman et al found that mean physical component scores, measured by SF-12, were lower than the US mean in 41 individuals (39%), and decreased with the age of 40 years and older. 15 24, 25 Physical health scores declined with increasing age, and earlier than in the general average-statured Norwegian population. 24, 25 Three studies found lower mean mental component scores in adults with achondroplasia compared with the general populations. 15, 24, 25, 28 These findings were in contrast to Mahomed et al who found lower physical component scores, but no difference in mean mental component scores. 30 
| Education and work participation
Five studies reported on education, work participation, family establishment and social activities. 21, 24, 25, 28, 33, 39 Gollust et al found that individuals with achondroplasia had lower income, less education and were less probably to be married than their unaffected relatives. 28 Despite 189 respondents, the response rate was low. Cortinovis et al conducted a mixed method study on 18 Italian adults with achondroplasia. 21 They found work participation to be crucial in promoting the personal growth and social integration, but also a major challenge and a future goal for many of the respondents.
Building one's own family was another reported major future goal.
In particular, men (n = 8) spent a large percentage of their time alone. 21 Johansen et al found that the education level was comparable to the general Norwegian population, but fewer were married and had children. 24, 25 
| DISCUSSION
In this first scoping review on adults with achondroplasia, we document only a slight increase in publications on medical complications, health characteristics, and psychosocial issues over the past decades.
The identified articles showed a wide variability of themes relevant for clinical practice, and also to be verified in future studies.
| Characteristics of included papers and the selection process
We identified two reviews and 27 primary studies reporting on a broad range of medical topics and health issues in adults with achondroplasia. Fifteen of the 27 studies had less than 40 participants and 13 had been conducted more than 20 years ago. The majority was conducted on populations recruited from the US patient association LPA. We did not find any population-based studies. The representativeness and generalizability of some of the included primary studies might therefore be questioned, and the primary author's conclusions, as presented in Table 3 , must be interpreted with this in mind.
A number of review papers were identified, 2-4,7,46-51 but were excluded as they were mainly concerning children or because of their non-systematic methodology. 11 However, we have examined their reference lists for potential eligible original papers. Not surprisingly, our literature review did not identify any randomized controlled studies or clinical trials as we did not include treatment as eligibility criteria.
The diagnosis of achondroplasia has until recently been based on characteristic phenotypical and radiological findings. 1, 46, 48 Recent studies have reported that the overlap between achondroplasia and the phenotypically milder hypochondroplasia might be more prevalent than previously expected, implicating the need of molecular testing if clinical uncertainty. 1, 52 None of the included studies required genetically verified diagnosis of achondroplasia for their inclusion of participants. Some patients with other skeletal disorders, especially hypochondroplasia, might therefore have been included in the populations studied. 13 However, some larger studies have more recently been conducted on pain, HRQOL, orthopedics and spine, as shown in Table 2 . [14] [15] [16] 18, 22 In the following, we will discuss some of the key findings of the identified studies, as also presented in Tables 3 and 5 , including study limitations and identified knowledge gaps.
| Medical complications, health characteristics and psychosocial issues
The mortality rate in achondroplasia has in two large studies been shown to be significantly increased at all ages, both in males and females. 26, 36 Heart disease, neurological complications and accidents were the leading causes of death in adults. 26 The heart disease-related mortality was reported to be particularly high in the age group 25 to 35 years, and more than 10 times higher than in the average-statured population. 26 However, the actual recorded number of cardiovascular deaths in this age group was low, the causes were unknown, and only some cases were confirmed by autopsy. 26, 36 Coronary heart disease is a common cause of death in the general population as well. 53 Further research is therefore needed before we can draw definite conclusions on increased risk of cardiovascular death in adults with achondroplasia.
Spinal stenosis and back pain are frequently reported in adults with achondroplasia. 22, 29, 30, 44, 47 Characteristic symptoms are low back pain or lower extremity pain induced by prolonged walking or standing. 22, 38, 54 Symptoms are typically relieved by rest or lumbar flexion.
In the average-statured population, symptoms rarely start before 60 years of age, and the progression is slow. 54, 55 In achondroplasia, symptoms can start already in late teenage years, increases with age, and the progression seems to be much faster than in average-statured individuals. 22, 38, 56 However, the exact prevalence of spinal stenosis in adults with achondroplasia is uncertain, and based on a relative small number of adult patients or a low response-rate, giving risk of selection bias. 29, 30, 38 Thoracolumbar kyphosis and mild scoliosis were found in more than half of the studied adults with achondroplasia, 16 and the presence of thoracolumbar kyphosis was correlated with the severity of symptomatic spinal stenosis. 38 Leg deformities, in particular, tibia bowing, are common in children with achondroplasia. 29, 57 A high prevalence of arthritis in the hips and knees in adults could therefore be expected. 58 However, there are few studies reporting on arthritis in achondroplasia, and the results are somewhat contradictory. While one paper 41 did not find an increased prevalence of arthritis in major weight-bearing joints, a third of the respondents in another study 30 reported arthritis. We did not find other studies specifically investigating arthritis in adults. Interestingly, recent studies on mice have indicated that the FGFR3-mutation might protect from the development of arthritis in achondroplasia. 59 Two studies reported on osteopenia in achondroplasia, 17, 19 but the studies are small and the findings need to be confirmed in future studies.
Obesity and high BMI are frequently reported in achondroplasia. 18, 22, 32, [60] [61] [62] [63] However, BMI and other anthropometric measurements are poor predictors of body fat and fat distribution, 64 and even more in individuals of disproportionate short stature, such as achondroplasia. 32, 60, 65 In a recently published paper, the authors found an atypical obesity with preferential abdominal obesity in achondroplasia children. 66 The obesity was not associated with classical complications, such as diabetes or hypercholesterolemia, suggesting an uncommon energy metabolism in achondroplasia. 66 This corresponds with previous findings by Owen et al, who found normal triglycerides and no incidents of diabetes in a cohort of adults with achondroplasia with abdominal obesity. 32 More research is needed to explore body composition and fat distribution in adults with achondroplasia, including clinical and metabolic implications.
Respiratory and pulmonary disorders may arise in achondroplasia in early infancy, 67, 68 but the literature does not reflect pulmonary disorders as a common problem in adults. 35 On the contrary, obstructive sleep apnea (OSA) is reported to occur in more than half of the children. [69] [70] [71] We found no studies explicitly investigating OSA in adults. Obesity is associated with increased risk of OSA in the general population, 72 indicating that adults with achondroplasia might be at a particular risk of OSA.
Recurrent otitis and impaired hearing are other well-documented complications in children with achondroplasia. 29, [73] [74] [75] However, there are few studies reporting on hearing in adults, 20, 30 and we only identified one clinical study. 20 The authors found that about half of the study population had impaired hearing, but few used hearing aids. 20 The study had some methodological weaknesses, as also pointed out by the primary study authors, being conducted under nonstandardized conditions and with risk of selection bias.
Abnormal pelvic anatomy and spine deformities might predispose for complications in pregnancy of females with achondroplasia. 45, 76, 77 Nevertheless, there are surprisingly few studies investigating management of pregnancy in achondroplasia. We found one study reporting on obstetric and gynecologic issues in women with chondrodystrophies, but the study was not explicitly focusing on achondroplasia. 37 Consensus-based best practice guidelines for prenatal evaluation and delivery of patients with skeletal dysplasia have recently been published. 45 As a consequence of the abnormal pelvic anatomy, the guidelines recommend Cesarean delivery for most skeletal dysplasia disorders, including achondroplasia. 45 A high prevalence of chronic pain (64%-75%) in adults with achondroplasia was reported in two relatively large studies, 15, 18 corresponding with other publications included in this review. 24, 25, 30 Physical health declined much earlier than in the average-statured population, often starting in the fourth decade. 15, 24, 25, 30 Regarding mental health, the findings were more diverging. While three studies found lower mental health scores in adults with achondroplasia, 15, 24, 25, 28 another study did not find any difference compared with the general population. 30 Several studies found that education and work participation were crucial for social integration and personal development in achondroplasia, 21, 28, 33, 39 but gaining and keeping work was challenging, including finding a partner and establishing family. 21, 28, 39 Gollust et al concluded that individuals with achondroplasia experience social challenges living in an average-sized world. 28 Social barriers were reported to be as challenging as barriers related to health and functioning, as also pointed out in a systematic review on quality of life in rare genetic conditions. 78
| Strengths and limitations of this scoping review
The present scoping review article provides an overview of the current knowledge of medical complications, health characteristics and psychosocial issues in adults with achondroplasia. The main strength of this review is the methodological approach. We used a systematic framework as recommended in the PRISMA checklist for scoping reviews (PRISMA-ScR) 8, 11 to investigate a broad research question.
We regard this methodology as expedient to research fields with small and relatively few studies, and as a possible precursor to systematic reviews and to identify knowledge gaps.
The development of a predefined scoping review protocol is also a strength. The preparation of such protocols promotes consistency and transparency through the review process, and aid prevention of selection bias. 8, 79 Moreover, reviews will become dated and need to be revised. A protocol will simplify subsequent revisions and could also be a template for a future systematic review.
Although we conducted a thorough search for literature in many databases and hand-searches, and also consulted leading experts in the field, there is a possibility that we have failed to identify all studies relevant for our scope. We did not contact the authors of the primary studies to clarify questions we may have had in the review process. In some circumstances, additional information from authors could have enlightened the extracted data. We decided to limit our inclusion to studies with at least six participants. This might be a limitation to the results. However, this decision was made to ensure that our review was not a review of case studies, which is a separate methodology. 80 
| Implications and future directions
Several identified studies were excluded as they have been conducted on mixed populations of skeletal dysplasia, or on populations of mixed age-groups, without reporting separately on the results regarding adults with achondroplasia. When not able to identify explicitly the findings related to achondroplasia or adults, it is difficult to draw general conclusions on the population of interest.
The health services provided should be based on recommendations from research evidence. 8 Despite achondroplasia being one of the best described skeletal dysplasias, known for centuries, 7 the research field needs to be brought forward in a way that makes topics, methodology and findings stronger and relevant for implementing in clinical practice. Several large multicenter natural history studies on adults with achondroplasia have recently been initiated (https:// ClinicalTrials.gov), including a natural history registry. 81 We will encourage future studies to follow reporting guidelines, as proposed by the EQUATOR network, to enhance the quality and consistency of published papers. 82 New treatment options will affect the natural history of achondroplasia in children and adults. 3, 83 Good clinical descriptions of natural history are necessary for monitoring and evaluating long term outcomes in medical trials and for decision-making regarding implementation of new treatment options.
| CONCLUSION
This scoping review showed a modest increase in peer-reviewed studies regarding medical complications, health characteristics and psychosocial issues in adults with achondroplasia over the past decades. A broad variety of study topics were identified, many with relevance for clinical practice, but most documentation needs to be elucidated in future research. Studies on sleep-related disorders in adults and pregnancy-related complications were lacking. A number of studies on mixed populations were excluded as the results were not presented separately on adults with achondroplasia. Methodological issues and representativeness can also be questioned in several of the included studies, and some of them are also dated. Multicenter natural history studies have recently been initiated. Future studies should report in accordance to methodological reference standards, to strengthen the reliability and generalizability of the findings, and to increase the relevance for implementing in clinical practice.
